
Statement of  
editorial PurPoSe

The Hospital Physician General Surgery Board 
Review Manual is a study guide for residents 
and practicing physicians preparing for board 
exam­inations in general surgery. Each m­anual 
reviews a topic essential to current practice 
in the specialty of general surgery. 

 
 

PuBliSHinG Staff

PRESIDENT, GRouP PuBLISHER
Bruce M. White

SENIoR EDIToR 
Robert Litchkofski

ExEcuTIvE vIcE PRESIDENT
Barbara T. White

ExEcuTIvE DIREcToR  
of oPERaTIoNS

Jean M. Gaul

Copyright 2011, Turner White Communications, Inc., Strafford Avenue, Suite 220, Wayne, PA 19087-3391, www.turner-white.com. All rights reserved. No part of 
this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, mechanical, electronic, photocopying, recording, or 
otherwise, without the prior written permission of Turner White Communications. The preparation and distribution of this publication are supported by sponsorship 
subject to written agreements that stipulate and ensure the editorial independence of Turner White Communications. Turner White Communications retains full 
control over the design and production of all published materials, including selection of topics and preparation of editorial content. The authors are solely respon-
sible for substantive content. Statements expressed reflect the views of the authors and not necessarily the opinions or policies of Turner White Communications. 
Turner White Communications accepts no responsibility for statements made by authors and will not be liable for any errors of omission or inaccuracies. Information 
contained within this publication should not be used as a substitute for clinical judgment.

NoTE fRoM THE PuBLISHER:
This publication has been developed with­
out involvem­ent of or review by the Am­er­
ican Board of Surgery.

Introduction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2

Penetrating.Thoracic.Trauma. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 2

Blunt.Thoracic.Trauma. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7

Summary.Points. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 11

References. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 11

Table.of.Contents

geneRal.SuRgeRy.BoaRd.RevIew.Manual

Blunt.and.Penetrating.Chest.
Trauma:.Initial.evaluation.and.
Management

Series.editor:
Timothy.a ..Pritts,.Md,.Phd.
Associate Professor, Division of Trauma and Critical Care, Department 
of Surgery, University of Cincinnati, Cincinnati, OH

Contributors:
Bryce.RH.Robinson,.Md.
Assistant Professor, Division of Trauma and Critical Care, Department 
of Surgery, University of Cincinnati, Cincinnati, OH

nichole.K ..Ingalls,.Md
Clinical Instructor, Division of Trauma and Critical Care, Department 
of Surgery, University of Cincinnati, Cincinnati, OH

www .hpboardreview .com. general.Surgery..Volume 10, Part 1   �



�   Hospital Physician Board Review Manual www.hpboardreview.com

GeneRal SuRGeRy BoaRd Review Manual

Blunt and Penetrating Chest Trauma:  
initial evaluation and Management

Bryce RH Robinson, Md, and nichole K. ingalls, Md

INTRODUCTION

Trauma is the fifth leading cause of death for all 
Americans and the leading cause of death for those 
under age 44 years.1,2 Traumatic injuries account for 
180,000 deaths and 9 million disabling injuries in the 
United States each year.3 Chest trauma may result 
from blunt injury, such as a fall or motor vehicle 
crash, or penetrating trauma, such as a stab or gun-
shot wound. Management of blunt and penetrating 
trauma injuries requires expertise in rapid patient 
assessment, recognition of injuries, stabilization and 
resuscitation of patients, and provision of definitive 
care.

Initial management of all trauma patients is guided 
by the principles taught in the American College of 
Surgeons Committee on Trauma Advanced Trauma 
Life Support (ATLS) course.4 These principles provide 
a common language and approach to initial evaluation 
and management of the injured patient. Using these 
guidelines, ATLS emphasizes the ABCDE approach to 
trauma evaluation (Table 1). 

Chest trauma is common in injured patients and 
contributes to approximately 25% of trauma-related 
deaths.5 Although most chest injuries can be treated 
with simple procedures such as tube thoracostomy, life-
threatening injuries must be treated expeditiously. In 
the ATLS course, major chest trauma is divided into in-
juries that are “immediately life threatening” and those 
that are “potentially lethal” (Table 2). This approach is 
useful for generating a differential diagnosis and helps 
to guide treatment priorities for patients suffering from 
chest trauma. 

This article provides an overview of the evaluation 
and management of penetrating and blunt chest trau-
ma in the context of 2 patient presentations. Special at-
tention is paid to specific injuries associated with chest 
trauma as well as the resuscitation and management of 
these patients. 

PENETRATING THORACIC TRAUMA 

CAsE 1 PREsENTATION

A 17-year-old male who sustained a gunshot 
wound to the left chest a short time ago is 

brought to the emergency department by emergency 
medical services. Upon arrival, his airway is patent, he 
has diminished breath sounds over the left chest but 
no crepitus, and his extremities are cool and clammy. 
He is placed on monitors and his heart rate is 143 bpm, 
blood pressure is 86/palpable, respiratory rate is 28 
breaths/min, and oxygen saturation is 90%. He opens 
his eyes to pain, is mumbling incoherently, and moves 
all extremities purposefully. A single bullet wound is 
seen in his upper left back just above the scapula. 

• what are the potential causes of this patient’s 
shock? 

• what are the treatment priorities?

DIAGNOsIs AND TREATMENT Of sHOCk

The patient’s clinical description suggests that he is 
suffering from shock. There are 4 classic shock states as 
defined by Blalock in 1934: hypovolemic, septic, neuro-
genic, and cardiac.6 With some modifications, this basic 
differential diagnosis is quite useful. There are 2 cat-
egories of shock in the trauma patient—hemorrhagic 
and nonhemorrhagic, with hemorrhagic shock being 
most common. The nonhemorrhagic types of shock 
are cardiogenic, neurogenic, septic, and shock second-
ary to a tension pneumothorax.4 Hemorrhagic shock 
requires rapid diagnosis and initiation of appropriate 
resuscitation. The other shock states require prompt 
intervention (ie, needle decompression and chest tube 
for tension pneumothorax). Potential etiologies of this 
patient’s shock state include hemorrhage from a pene-
trating injury to his heart, lung, or great vessels, tension 
pneumothorax, and pericardial tamponade. 
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Physical findings present in this patient that sug-
gest hemorrhagic shock are tachycardia, tachypnea, 
and peripheral vasoconstriction (Table 3). A physical 
exam finding seen in both tension pneumothorax and 
pericardial tamponade is distended neck veins, and this 
patient’s evaluation should include that assessment. 
This patient is unlikely to present in septic shock given 
his youth and presumed healthy status prior to the gun 
shot. Neurogenic shock can be seen with penetrating 
injuries to the spinal cord, but one would expect to see 
peripheral dilation and bradycardia. 

Treatment begins with the ABCs: airway, breath-
ing, and circulation. Priorities to address airway 
include administering oxygen and ensuring a patent 
airway. Needle decompression and then placement 
of a thoracostomy tube into the left thorax should be 
done for breathing. Obtaining large-bore peripheral 
intravenous (IV) access addresses circulation, and 
a Focused Assessment with Sonography in Trauma 
(FAST) exam should be performed to look for peri-
cardial tamponade. Many of these maneuvers can be 
done simultaneously if enough personnel are avail-
able.

• which chest injuries might this patient have sus-
tained?

The patient has suffered a gunshot wound to the 
chest and may have sustained a number of chest inju-
ries (Table 2), depending on the path of the projectile. 
His exam findings suggest that he likely does not have 
airway obstruction, open pneumothorax, or flail chest, 
and in light of the mechanism of injury, he likely 
does not have blunt cardiac injury. The patient has 
decreased breath sounds, suggesting the presence of 
tension pneumothorax, massive hemothorax, simple 
pneumothorax, or hemothorax. In addition, given the 
possible trajectory of the bullet and the presence of 
shock, he may be suffering from cardiac tamponade, 
injury to the aorta or great vessels, or injury to the me-
diastinal structures.

• How severe is this patient’s hemorrhagic shock?

Classifying hemorrhagic shock states allows the clini-
cian to estimate the volume of blood loss and guides the 
resuscitation strategy. A variety of factors can confound 
the classic physiologic changes associated with each 
shock state, including patient age, home medications, 
anatomic location of the injury, the time from injury to 
presentation, and the pre-hospital medications, fluids, 
or other interventions.4 The classes of hemorrhagic 
shock are presented in Table 4. Class I shock is often 
subtle, does not result in obvious hemodynamic chang-
es, and is associated with blood loss of up to 750 mL in 
an adult. In this case, however, the patient exhibits a 
heart rate of greater than 140 bpm, hypotension, and 
tachypnea and has a markedly altered mental status. He 
is in class IV hemorrhagic shock, which suggests blood 
loss of over 2000 mL. 

CAsE 1 CONTINUED

The patient is placed on oxygen by face mask, 
and a potential tension pneumothorax is treated 

with needle decompression of the left chest by plac-
ing a 14-gauge angiocatheter in the second intercostal 
space at the midclavicular line. The nurse obtains two 
14-gauge peripheral IV lines. Blood is drawn for basic 
laboratory studies. Point-of-care testing studies are sig-
nificant for a base deficit of 16 mmol/L, lactic acid of  
5 mmol/L, and an international normalized ratio of 2.2. 

After the patient’s left chest is prepped for thoracosto-
my tube placement, he loses consciousness and arrests. 

• what is the next step in the management of this pa-
tient?

TREATMENT Of ARREsT fROM PENETRATING CHEsT 
TRAUMA

Resuscitative thoracotomy has a role in arrest from 
penetrating trauma. The best outcomes are seen in vic-

Table 2. Differential Diagnosis of Chest Injuries

Life-Threatening Injuries Potentially Lethal Injuries

Airway obstruction Simple pneumothorax

Tension pneumothorax Hemothorax

Open pneumothorax Injury to tracheobronchial tree

Flail chest Blunt cardiac trauma

Massive hemothorax Traumatic aortic injury

Cardiac tamponade Mediastinal traversing wound

Adapted with permission from Advanced Trauma Life Support for 
Doctors. ATLS Student Course Manual. 8th ed. Chicago: American 
College of Surgeons Committee on Trauma; 2008.

Table 1. ABCDEs of Initial Trauma Patient Evaluation as 
Guided by ATLS Principles

A: Airway with cervical spine protection

B: Breathing, including oxygenation and ventilation

C: Circulation. Stop hemorrhage

D: Disability. Rapid neurological exam

E: Exposure/environment/avoid hypothermia

Adapted with permission from Advanced Trauma Life Support for 
Doctors. ATLS Student Course Manual. 8th ed. Chicago: American 
College of Surgeons Committee on Trauma; 2008.



�   Hospital Physician Board Review Manual www.hpboardreview.com

B l u n t  a n d  P e n e t r a t i n g  C h e s t  T r a u m a

tims of penetrating thoracic trauma who arrest in the 
emergency department or have cardiopulmonary re-
suscitation (CPR) initiated during transport but have 
signs of life upon arrival. These signs of life include 
pupillary response, spontaneous ventilation, presence 
of carotid pulse, measureable or palpable blood pres-
sure, extremity movement, and cardiac electrical activ-
ity.7 The 2001 American College of Surgeons guideline 
that advocates using the procedure in this population 
is a level II recommendation based on a systematic 
review of 42 studies involving nearly 7000 patients.7 
In this series, the survival rate was 11% for individuals 
who sustained penetrating trauma and 1.6% for those 
who sustained blunt trauma. The type of penetrat-
ing injury can have a profound effect on prognosis. 
Bullets, as opposed to knives or other objects used 
in stabbings, have a high kinetic energy dispersion 
pattern and create more destructive injuries, leading 
to a worse prognosis. A recent retrospective review of 
emergency department thoracotomy performed for 
cardiac or great vessel injury in 2 urban trauma centers 
demonstrated a 5.3% survival rate for patients who un-
derwent a resuscitative thoracotomy.9 This unusually 
low survival is explained, in part, by the high percent-
age of gunshot victims (88.3% of the total number of 
patients had cardiac or great vessel injury) and the fact 
that 51.6% sustained multiple gunshot injuries.8

Resuscitative Thoracotomy Technique

Resuscitative thoracotomy involves rapidly fashioning 
an anterolateral thoracotomy, evaluating and opening 
the pericardium, cross-clamping the aorta, then attempt-
ing to repair, at least temporarily, any injuries found. After 
placing endotracheal and nasogastric tubes and rapidly 
prepping the skin, the skin is incised at the lower border 
of the pectoralis major muscle (inframammary fold in 
women) at the level of the fourth or fifth intercostal space 

from the lateral aspect of the sternum continuing to the 
latissimus dorsi muscle laterally. The incision is carried 
sharply through the skin, subcutaneous tissues, chest 
wall muscles, and intercostal muscles over the top of the 
rib on the inferior aspect of the intercostal space. Once 
the thoracic cavity is entered, curved Mayo scissors are 
utilized to widely incise the intercostal muscle and pleura 
medially and laterally. A chest wall retractor is then placed 
for exposure. After the retractor is placed, the pericar-
dium is evaluated for the presence of tamponade. If there 
is concern about cardiac tamponade or if CPR is neces-
sary, the pericardium is incised anterior to the phrenic 
nerve, then opened widely. Subsequently, the left lung 
is elevated by the first assistant, allowing the operating 
surgeon to cross-clamp the descending aorta with a large 
vascular clamp. Open cardiac compressions are begun as 
needed and a search of the left hemithorax for injuries is 
undertaken. If there is a concern for bilateral injuries, the 
right chest may be opened in a similar fashion to com-
plete bilateral anterolateral thoracotomies. This results in 
wide exposure to the structures of the chest (Figure 1). 
If an operating room is readily available, most surgeons 
will address injuries in a temporizing fashion until the 
patient can be transported to the operating room for 
more definitive repair. 

CAsE 1 CONTINUED

The operating surgeon rapidly performs a left 
anterolateral thoracotomy. Upon entering the 

chest, she notes a large amount of blood within the left 
chest cavity. After placing a chest retractor, she opens 
the pericardium anteriorly and parallel to the phrenic 
nerve. There is no pericardial blood. She then bluntly 
dissects the mediastinal pleura and guides a clamp 
across the thoracic aorta. The aorta feels empty. The 
assistant commences internal cardiac massage. The 
surgeon identifies ongoing rapid arterial bleeding 

Table 3. Basic Physiological Changes with Classic Shock States

Type of Shock Blood Pressure Heart Rate Breath Sounds Periphery

Hemorrhagic Normal Constricted

Cardiogenic Normal Constricted

Neurogenic Normal Dilated

Septic Normal Dilated

Tension

pneumothorax

Decreased Constricted
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from the superior mediastinum and applies pressure. 
The patient regains vitals and is transported to the 
operating room. The surgeon identifies a proximal left 
carotid injury 1 cm from its aortic take-off and repairs 
it with an interposition graft (Figure 2) and also per-
forms a small wedge resection of the left lung apex that 
contains a laceration. The patient is returned to the 
surgical intensive care unit for resuscitation. 

• How should this patient be resuscitated?

REsUsCITATION fROM sHOCk

This patient demonstrates a marked metabolic acido-
sis and likely has sustained significant blood loss from his 
carotid artery injury. Traditionally, ATLS has taught that 
an initial 2000 mL bolus of crystalloid should be given to 
initiate resuscitation, followed by blood products if need-
ed.4 A new paradigm has arisen based on recent military 
trauma experience. Early blood product administration 
and a ratio of products that approximates whole blood 
appears to result in decreased mortality in this popula-
tion. A landmark paper published by Borgman and 
colleagues in 2007 demonstrated that resuscitation with 
packed red blood cells (pRBCs) and plasma in a 1:1 ratio 
was associated with improved survival.9 This strategy has 
been termed “damage control resuscitation,” and early 
data have been supported by subsequent retrospective 
studies suggesting that minimizing crystalloid and resusci-
tating patients with a high ratio of plasma and platelets to 
pRBCs may be associated with higher survival in civilian 
patients as well.9,10 This is currently a controversial topic in 
trauma surgery, with large prospective multicenter studies 
ongoing in order to clarify previous retrospective data. 

• what is the likelihood that this patient will require 
more than 10 units of blood in the first 24 hours?

Although the indications for massive transfusion 
are still being studied in the civilian population by a 

multicenter trial, recent data from military trauma 
care suggest that a heart rate >110 bpm, systolic blood 
pressure <110 mm Hg, base deficit ≥ –6 mmol/L, and 
hemoglobin <11 g/dL are predictors that a patient 
may require massive transfusion.11 In civilian centers, 
a simplified scoring system based on 4 parameters 
(penetrating mechanism, positive focused assessment 
with sonography for trauma for fluid, arrival blood 
pressure <90 mm Hg, and arrival pulse >120 bpm) has 
been shown to be useful in predicting which patients 
will require massive transfusion.12

• what parameters should be used to ascertain when 
the patient is resuscitated?

Shock is defined as a state of inadequate tissue oxy-
genation resulting in anaerobic metabolism and acido-
sis. Even after patients have achieved a normal blood 
pressure, heart rate, and urine output, up to 85% have 
evidence of ongoing insufficient tissue oxygenation.13 

The Eastern Association for the Surgery of Trauma 
guidelines recommend that the initial base deficit, gas-
tric pH, and lactate level can be used to stratify patients 
with respect to risk of multisystem organ failure and 
death (level I recommendation). These guidelines also 
recommend that one should attempt to normalize the 
base deficit, gastric pH, and lactate level within the first 
24 hours, and the inability to normalize these values 
should prompt evaluation for ongoing blood loss or 
other complications, including abdominal compart-
ment syndrome or intestinal ischemia (level II recom-
mendation).13 

CAsE 1 CONTINUED

The patient is resuscitated with 14 units 
of pRBCs, 14 units of fresh frozen plasma,  

12 units of platelets, and 2 L of lactated Ringer’s solution. 
By the next morning, his base deficit is 0.4 mmol/L and 
his serum lactic acid level is 1.0 mmol/L. He recovers and 

Table 4. Classification of Hemorrhagic Shock Based on Amount of Blood Loss 

Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1000 1500–2000 >2000

Blood volume (%) Up to 15 15–30 30–40 >40

Heart rate <100 100–120 120–140 >140

Blood pressure Normal Normal Decreased Decreased

Respiratory rate 14–20 20–30 30–40 >35

Urine output (mL/hr) >30 20–30 5–15 Negligible

Mental status Normal Mildly anxious Anxious, confused Confused, lethargic

Adapted with permission from Advanced Trauma Life Support for Doctors. ATLS Student Course Manual. 8th ed. Chicago: American College of 
Surgeons Committee on Trauma; 2008.
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is extubated and begins enteral nutrition on postopera-
tive day 3. The intensive care unit nurse notes that the 
left-sided thoracostomy tube drainage has changed in 
appearance. On examination, the patient states that he 
feels well, and he has a normal temperature and white 
blood cell count. On examination of the tube, the chest 
drainage appears to have changed from a blood-tinged 
clear drainage to thick white output. 

• what is the differential diagnosis?

The 2 most likely etiologies of this type of output are 
chylothorax and empyema. In this patient, there are no 
signs of infection. He clinically looks well, is afebrile, 
and has a normal white blood cell count. The drainage 
characteristics changed with the initiation of enteral 
feeds, suggesting a chyle leak. The path of the bullet is 
consistent with injury to the thoracic duct as it passes 
through the superior mediastinum on its way to the left 
subclavian vein.14 

CHYLE LEAk 
Anatomy of the Thoracic Duct

The thoracic duct is a tubular structure that originates 
from the cistern chylae at the second lumbar vertebra on 
the right side. It enters the chest at the level of the aortic 
hiatus, running between the azygous vein and aorta, then 

crosses to the left side at the level of the fourth or fifth 
thoracic vertebral body, and returns lymph to the venous 
system at the junction of the left subclavian and jugular 
veins. Its course may be variable. The thoracic duct may 
be injured iatrogenically during operative procedures in 
the neck (such as radical neck dissection), chest (such as 
esophagectomy), and abdomen. 

Treatment

The strategy of nonoperative management of a 
chyle leak hinges on decreasing the lymphatic flow to 
allow for spontaneous closure.14 In order for healing 
to occur, the leak must be adequately drained, normal 
electrolyte and volume status must be maintained, and 
the patient must receive nutritional support. The nutri-
tional plan can include either parenteral nutrition or 
enteral nutrition with a high percentage of medium-
chain triglycerides (MCT). These MCT bypass the 
lymphatic system because they are readily metabolized 
directly into the portal venous system. These maneu-
vers result in fistula closure in 80% of cases.14 The data 
are mixed as to whether parenteral or MCT-rich enteral 
feeds are best, with each having similar rates of fistula 
closure. Some literature suggests closure may occur 
more quickly if octreotide is used. The mechanism 
is thought to include a decrease in the absorption of 

Figure 1. Postmortem view of patient who has undergone bilateral thoracotomy for resuscitation. These incisions allow extensive expo-
sure to lungs (Lu), heart (H), as well as the mediastinum and great vessels. D = left diaphragm.

Lu

H

D
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triglycerides with resulting decreased chyle flow. If the 
fistula fails to close, surgical ligation or percutaneous 
interventions with embolization of the thoracic duct 
can be attempted. 

CAsE 1 CONCLUsION

The patient’s chyle leak appears to be low 
output (well less than 800 mL per day). The pa-

tient is initially made NPO, then placed on an MCT diet 
via a nasoenteric feeding tube. There is no increase in 
fistula output with enteral diet. The chylous chest tube 
effluent resolves after 4 days of MCT diet therapy. The 
patient is then restarted on a regular diet with no recur-
rence of the chyle leak. The chest tube is removed and 
the patient is discharged home on postinjury day 15.

BLUNT THORACIC TRAUMA

CAsE � PREsENTATION

A 77-year-old man was working on a ladder when 
he fell 12 feet onto a large potted plant, landing 

on his left chest and flank. He is brought to the emergen-
cy department by the local ambulance service after being 
placed in a cervical collar and on a backboard. 

After arrival, his initial evaluation demonstrates a 
primary survey that is significant for tachycardia, tachy-
pnea, hypoxia with pulse oximetry of 84%, and pal-
pable subcutaneous emphysema of his neck, chest, and 
left flank. He reports a history of hypertension, but he 
has initial systolic blood pressures in the mid-80s mm 
Hg without obvious sources of external hemorrhage. 
He complains of left-sided chest pain, has significant 
tenderness in this region with palpation, and breath 
sounds are absent in his left hemithorax even after 
prehospital personnel attempted needle thoracostomy. 
A chest tube is placed urgently in his left hemithorax, 
which produces a large rush of air and return of pulse 
oximetry to greater than 95%. A chest radiograph is 
performed after placement of the chest tube but before 
the secondary survey. 

• what associated injuries are probable after blunt 
thoracic injury?

CLINICAL fEATUREs Of BLUNT THORACIC INjURY

Approximately 25% of blunt traumatic deaths are the 
direct result of thoracic injury.3 For those who survive the 
initial traumatic event, blunt thoracic injury is respon-
sible for 8% of all traumatic hospital admissions.15 Motor 
vehicle crashes represent the major mechanism of injury 

Figure 2. Intraoperative view of chest in patient presented in Case 1. The left common carotid artery was repaired with a saphenous 
vein interposition graft.
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for blunt thoracic injury for all patients. In the elderly, the 
most common cause of these injuries is falls. 

 The thorax is a mobile structure that encloses the 
organs of the chest by a complex interconnection of the 
sternum to the ribs and then to the thoracic vertebrae. 
When blunt force is applied to the chest, rib fractures 
often occur as the force is displaced along the length 
of the bone. In the elderly, very little force is necessary 
to cause rib fractures in bones that already have cortical 
thinning. The opposite is true in infants and children, 
where a great amount of force is required to cause rib 
fractures. These young chest walls often allow a great 
amount of force to be transferred internally before frac-
ture occurs due to the mobility of a soft, cartilaginous 
thorax. Whether force is transferred easily through 
brittle ribs of the old or passively through the soft wall of 
the child, pulmonary contusion and cardiac and great 
vessel injury are potential associated injuries. These inju-
ries may require a high index of suspicion.

The most lethal of the subtypes of pneumothorax is a 
tension pneumothorax, which results from air entering 
the chest from a lung or chest wall injury without the 
ability to egress. As more air enters the cavity, pressure 
accumulates in the chest. This intrathoracic pressure can 
be greater than the intrinsic venous pressure required 
for blood return to the heart and may displace the medi-
astinum. As pressure builds, there is a reduction of right 
heart preload as well as ipsilateral and even contralateral 
lung parenchymal collapse. 

Hemodynamic failure and death are imminent unless 
the pressure is relieved. The diagnosis of tension pneu-
mothorax is made clinically and should not be delayed by 
waiting for diagnostic imaging. Treatment starts with im-
mediate chest decompression, which can be accomplished 
by needle thoracostomy, with placement of an IV cath-
eter needle into the second intercostal space in the mid- 
clavicular line on the affected side. Such decompression is 
not without drawbacks in that it is estimated that 30% of 
trauma patients have a chest wall thickness greater than  
5 cm, thus preventing needle decompression by common-
ly available angiocatheters.16 Definitive treatment requires 
the expedient placement of a tube thoracostomy. The 
simple act of surgically entering the chest to place the tube 
often corrects the hemodynamic derangements. 

CAsE � CONTINUED

The chest radiograph (Figure 3) demonstrates 
a widened mediastinum, though the cardiac 

silhouette is normal. Extensive subcutaneous emphy-
sema is present on both the right and left chests. Ribs 5 
through 8 are fractured and the chest tube appears to 
be in a proper location, although a single chamber air 

leak is intermittently seen. A diffuse opacity is seen in 
both lung fields. 

On secondary survey, the patient continues to com-
plain of significant left-sided chest pain, but he denies 
any other complaints. The patient has been hemody-
namically stable without neurologic deficits since place-
ment of the chest tube. A FAST exam is performed 
without any positive findings.

• what further imaging may be appropriate?

EvALUATION Of BLUNT THORACIC TRAUMA

Thoracic injuries that involve fractures of the first or 
second ribs, scapula and/or sternum require a great deal 
of force transfer. The concern is not so much for the bony 
injuries but rather that the force has been transferred 
through the bony thoracic cavity into deeper, more vital 
structures.17 The presence of these fracture patterns 
should raise suspicion for the presence of significant 
chest injury that may warrant further evaluation. Such 
testing needs to include evaluation of the great vessels, 
pulmonary tree, and pulmonary parenchyma. The pres-
ence of thoracic wall fractures, whether single or multiple, 
often creates a distracting injury that compromises the cli-
nician’s ability to detect spine or abdominal tenderness. 
The presence of thoracoabdominal injuries, specifically 
rib fractures of the inferior rib cage, should raise concern 
for the possibility of intra-abdominal injuries. Computed 
tomography (CT) of the chest and abdomen is often the 
preferred method to evaluate for thoracic and abdomi-
nal injuries while maintaining the ability to specifically 
image retroperitoneal structures, including the thoracic 
and lumbar spine.18,19 Hemodynamic stability needs to be 
achieved before the patient undergoes CT. If the patient 
is unstable for such testing, alternate means of abdominal 
testing (ie, FAST, diagnostic peritoneal lavage) should be 
performed in order to exclude intra-abdominal hemor-
rhage as an etiology for shock. 
 
CAsE � CONTINUED

Cervical plain films are negative for cervical 
spine fractures. CT scan of the chest demon-

strates a normal appearance of the heart and great ves-
sels (Figure 4). All of the ribs of the left chest are frac-
tured, with segmental fractures at multiple concurrent 
levels. A lower lobe pulmonary contusion is now appre-
ciated over the area of multiple displaced ribs. New rib 
fractures of the right chest along with a pneumothorax 
are appreciated. Abdominal CT demonstrates a grade 
1 spleen laceration with minimal intra-abdominal free 
fluid at the injury. No other injuries are seen. The 
patient continues to have a Glasgow Coma Scale score  
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of 15. He is complaining of increasing shortness of 
breath with slight improvement with parenteral narcot-
ics. On closer inspection, paradoxical motion of the left 
chest is occurring with every inspiration. The patient 
continues to maintain an adequate level of oxygenation 
by pulse oximetry with minimal supplementation of 
oxygen after placement of a right-sided chest tube.

• what is a flail chest?

• what is the proper treatment of a flail chest?

fLAIL CHEsT AND PULMONARY CONTUsION

Rib fractures are common after blunt chest in-
jury and have a wide spectrum of injury. Mortality has 
been demonstrated to be directly proportional to the 
number of ribs fractured.20 Management of simple rib 
fractures is more complex in elderly patients. Bulger  
et al demonstrated that for each additional rib fracture 
in the elderly, mortality increases by 19% and the risk 
for pneumonia increases by 27%.21 The most complex 
rib fracture pattern is that of a flail chest. A flail chest 
results from 2 or more ribs that are fractured in two 
or more locations, sternal fracture, or costochondral 
separation. The term “flail” refers to the paradoxical 
motion of the affected chest wall segment caused by the 
lack of structural integrity. During inspiration, the flail 
segment is drawn into the chest (due to negative intra-
pleural pressure), while the rest of the thorax expands 
outward. The opposite occurs during expiration, with 
the flail segment being pushed outward while the rest 
of the chest retracts. 

The mortality and morbidity of patients with flail 
chest are directly proportional to the magnitude of the 
underlying pulmonary contusion.22 Because the chest 
wall becomes unstable during impact, the moving seg-
ment directly injures the lung parenchyma deep to the 
thoracic wall. The resultant pulmonary contusion pro-
duces a zone of central parenchymal hemorrhage with 
a surrounding area of peripheral edema.23 As fluid and 
blood become incorporated into the injured alveoli, 
gas exchange is compromised, causing a localized re-
duction in the partial pressure of oxygen. The area of 
edema increases over time as a result of direct injury 
rather than a downstream cytokine mechanism. Maxi-
mal edema is often seen at 24 hours, with complete 
loss of normal alveolar cellular architecture. This cel-
lular mechanism is clinically appreciated as the patient 
continues to become progressively more hypoxic.

Patients with significant hypoxia may require in-
tubation rapidly after injury due to the progressive 
nature of this process. Clinically, pulmonary contu-
sions often progress for 48 hours after injury, with 
maximal ventilation-perfusion mismatching occur-
ring during this period.24 Elective intubation prior 
to respiratory failure should be considered early in 
the patient’s management. With mechanical ventila-
tion in place, manipulation of mean airway pres-
sure (eg, positive end-expiratory pressure, inspiration- 
to-expiration ratio) should be considered to rein-
flate collapsed pulmonary segments and alveoli to 
maximize oxygenation. Nonetheless, the treatment of 
pulmonary contusion is entirely supportive, with reso-
lution occurring at approximately 1 week. 

CAsE � CONTINUED

The patient is admitted to the intensive care 
unit for aggressive pulmonary toilet and pain 

control. The patient complains of severe left-sided 
chest pain that is relieved with nurse-provided intermit-
tent parenteral narcotics. However, after delivery of 
narcotics, the patient becomes more somnolent with 
an increasing oxygen requirement, decreasing capacity 
for incentive spirometry, and worsening delirium. Re-
stricting pain medication results in chest splinting and 
decreased effort for productive cough.

• what pain alleviation techniques can be utilized to 
optimize pulmonary function after chest injury?

PATIENT-CONTROLLED ANALGEsIA AND REGIONAL 
ANEsTHEsIA TECHNIqUEs

Although often underappreciated, the sequelae of 
pain from fractures of the thorax can be dramatic. The 

Figure 3. Initial chest radiograph of patient presented in Case 2. 
After needle decompression, a left chest tube was placed. Note 
the presence of extensive subcutaneous air bilaterally.
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ability of patients to participate in incentive spirometry, 
clear secretions, ventilate, and oxygenate is compromised 
by such pain. Pulmonary complications and mortality in 
the elderly from rib fractures are likely the consequence 
of poor pulmonary toilet.21,25 Patients naturally wish to 
splint their chest to aid in pain control, but this technique 
is potentially harmful given the reduced pulmonary toilet 
achieved with an immobile chest wall.

Pain control should be adequate in order to allow 
successful pulmonary toilet and is a primary goal in 
treatment of this patient population. Complications 
of hypoventilation, retained secretions, pneumonia, 
atelectasis and respiratory failure have been associated 
with inadequate pain control.26 Commonly, trauma 
patients receive pain delivery by parenteral or enteral 
means. Regional techniques, which include epidural 
delivery, and local techniques, including nerve blocks, 
intrapleural catheters, and extrapleural, are increas-
ingly being used. These techniques can be controlled 
by the care team or by the patient via a patient- 
controlled analgesia (PCA) device.27 Patient-controlled 
devices prevent breakthrough pain and reduce the 
risk of oversedation, which can contribute to a delay in 
pulmonary toilet, atelectasis, and cough. 
 
CAsE � CONTINUED

After 24 hours of epidural catheter pain con-
trol, the patient fails to progress and is be-

coming progressively more hypoxic. He is electively 
intubated and placed on a spontaneous mode of ven-

tilation with positive end-expiratory pressure titrated 
to reduce the paradoxical motion of his left chest. 
Daily spontaneous breathing trials are attempted on 
hospital days 3 and 4 without success for extubation. 
Reasons for these failures are examined, with concerns 
raised over retained hemothorax in the left chest con-
tributing to atelectasis seen on daily chest radiograph 
and displaced rib fractures contributing to significant 
pain.

• what interventions are available to facilitate the suc-
cess of liberation from mechanical ventilation?

INTERvENTIONs fOR RETAINED HEMOTHORAx AND 
RIB fRACTUREs

Hemothorax after blunt thoracic injury is a com-
mon occurrence, though most cases are successfully 
treated with placement of a large-bore tube thoracos-
tomy (32Fr to 36Fr). A minority of patients (5%–30%) 
fail to clear clot from their chest, raising concerns over 
the eventual development of a restrictive fibrothorax, 
empyema, or pulmonary entrapment.28–30 Treatment 
relies heavily on the accurate diagnosis of such a pro-
cess. Historically, chest radiography was the diagnostic 
study of choice, although the accuracy of such imag-
ing is questioned. Recent data suggest that CT scan 
is more accurate than chest radiograph for diagnosis 
of retained hemothorax. In a study of patients with 
traumatic hemothorax who underwent a second chest 
radiograph and CT on the second day after admission, 
Velmahos et al demonstrated that the surgeon’s and 
radiologist’s chest radiograph interpretations were 
incorrect (ie, > 300 mL difference between the 2 read-
ings) in 48% and 47% of the cases, respectively.31 Man-
agement of 31% of these cases would have occurred 
incorrectly had the chest radiograph alone been 
used, thus supporting CT as the initial test of choice. 
Clot volume can be accurately calculated from CT, 
although the volumes at which interventions are initi-
ated have not been objectively determined.32 Nonethe-
less, volumes between 300 mL and 500 mL are often 
used as the threshold for intervention. 

The optimal intervention for retained hemothorax 
is also controversial. Successful intrapleural thromboly-
sis by infusion of thrombolytic agents into the chest 
thoracostomy tubes has been reported.33,34 Advocates 
of surgical intervention, specifically video-assisted tho-
racoscopy (VATS), stress the accuracy, safety, and reli-
ability of such an intervention along with the reduced 
duration for tube thoracotomy, and even a cost benefit 
due to a reduced length of stay.35–37 When these in-
terventions are compared across the small body of 

Figure 4. Chest computed tomography image of patient presented in 
Case 2. Extensive subcutaneous air is present (S), as are multiple rib 
fractures (Fx).  A pulmonary contusion (C) is now present as well.
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existing literature, a reduced length of hospital stay as 
well as fewer therapeutic failures, defined as need for 
thoracotomy, is shown in those receiving early VATS.38 

The benefit of VATS is clearly dependent on the tim-
ing of the intervention after injury. It appears that the 
rate of complication with VATS therapy escalates after 
injury day 3 to 5.39 

The surgical treatment of rib fractures may be indi-
cated in certain circumstances. Operative indications 
for rib plating are evolving and consensus has not yet 
been reached. Proponents suggest rib plating for flail 
chest, painful, moveable rib fractures refractory to 
traditional pain management, chest wall deformity, rib 
nonunion, and respiratory failure.40,41 Long-term stud-
ies regarding outcomes are anticipated. 
 
CAsE � CONCLUsION

Given the patient’s age and risk of prolonged 
mechanical ventilation, the amount of retained 

hemothorax quantified on chest CT, and the significant 
bony displacement, the patient is deemed a candidate 
for VATS and operative rib plating. He undergoes the 
procedure on hospital day 5 with success. By hospital 
day 7, he is extubated and his tube thoracostomies 
are removed. Pain continues to be a problem, with 
the patient requiring long-acting enteral narcotics as 
he transitions to a physical rehabilitation center on 
hospital day 9. 

sUMMARY POINTs

•  Chest injuries are common in trauma patients.

•  Initial evaluation and management follows the 
ABCDEs of ATLS.

•  Understanding, recognizing, and treating shock are 
essential in caring for patients with thoracic trauma.

•  Care of patients with blunt thoracic trauma may 
require pain control and extensive ventilatory man-
agement.
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